In 1960, outbreaks of turkey "x" disease in England resulted in the loss of over IOO ooo poults(1). Other domestic species were affected in sporadic cases but to a much lesser degree ( 2 , 3,4). The disease has been associated with feeds which contained groundnut (peanut) meal as a source of protein (z), and the cause of this poisoning has been traced to the growth on these nuts by certain toxin-producing strains of AspergiLhJ-flaws (j). The major toxic fractions have recently been isolated and chemically characterized (6).
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In 1960, outbreaks of turkey "x" disease in England resulted in the loss of over IOO ooo poults(1). Other domestic species were affected in sporadic cases but to a much lesser degree ( 2 , 3,4) . The disease has been associated with feeds which contained groundnut (peanut) meal as a source of protein (z), and the cause of this poisoning has been traced to the growth on these nuts by certain toxin-producing strains of AspergiLhJ-flaws (j). The major toxic fractions have recently been isolated and chemically characterized (6) . LANCASTER, JENKINS and PHILP (7) described the carcinogenic effect of feeding toxic groundnut meal to rats for six months and SCHOENTAL (8) confirmed their results. All cases of toxicity referred to above have been ascribed to groundnuts grown in Brazil, Uganda and other areas outside the United States. In retrospect, it now seems possible that in the United States some outbreaks of so-called hepatitis in dogs (9, 10) and in swine (11) may have been related to toxic metabolites of molds included in the diet of the animals. Results of preliminary studies of the carcinogenic effect in rats fed peanut meal grown and processed in the United States have recently been reported (13) . This latter work has been confirmed and extended and the results of these experiments form the basis for the present report. Hepatocellular carcinomas were induced in rats by the chronic feeding of peanut meal; liver damage with bile duct hyperplasia was observed in ducklings fed peanut meal or extracts of AspergilltlsflavaJ-cultures for shorter periods of time. 
Materials and Methods
Male weanling rats of the Charles River (CD) and Holtzman strains and day-old male Pekin ducklings were used in these studies. The rats were started on the experimental diet at 3 to 4 weeks of age and the ducklings at about 30 hours of age. The rats were housed in individual screen-bottomed cages in air-conditioned quarters ; day-old ducklings were housed in groups of j or 10 in a battery brooder maintained at a temperature of 9j-98" F. Feed and water were supplied ad libitam. The diets are listed in Tables I and 11 . Commercial vitaminfree casein was used as a source of part of the protein; commercial solvent-extracted and expeller type* peanut meals were used as they came from the processor. Some lots were further extracted with hot methanol after they reached our laboratory.
* Meal from which the oil has been expelled by a hydraulic press. It still retains about 8 % of its original fat content, whereas solvent-extracted meal has only about %-I% of oil. * Peanut meal used in above diets represents several lots of meal obtained from four different processors as follows: lDiets N-16A and B and N-25 were from the same lot of peanut meal purchased from processor "A" but the oil was removed by three different methods; N-16B (expeller type) was obtained by hydraulically pressing the shelled nuts to remove part of the oil. About 8% of oil remains in this type meal. N-16A (solvent extracted) peanut meal was obtained by grinding the meal after hydraulic pressing and extracting with petroleum solvents, principally n-hexane. About 0.5 to 1.0% of oil remains in this type of meal. N-25 meal mas obtained by further extracting the solvent type meal described above with hot, aqueous methanol. The peanut meal from this extraction is free of all lipids.
T w o different lots of peanut meal purchased from processor "B". 3One lot of peanut meal purchased from processor "C". 4One lot of peanut meal purchased from processor "D".
Weekly body weight records were kept on all rats and daily or weekly weights were recorded for ducklings. The long term experiments with rats ranged in time from 294-370 days (Table 111 ). Some animals were killed during the course of the experiment, but the majority were killed at the end of the experimental period. Ducklings were fed peanut meal for 4 weeks and then killed or intubated with extracts of A.javwfor five days and killed on day seven (Tables IV and   V) . During the test period extracts of A. javm cultures were given daily for five consecutive days to ducklings by intubation.
Samples of feed grade expeller and solvent processed peanut meal were obtained from four Merent processors and according to communication from the processors, the peanuts were grown in the southeastern United States and in Texas and Oklahoma. Cultures of A. jfavus Link ex Fries were grown on sterilized crushed wheat and extracted with chloroform or petroleum ether ; the solvent was removed in vacuo and the residue dissolved in propylene glycol so that each daily dose was 0.1 ml in volume. Tissues were taken from all animals for histologic study. A few died during the experiment and tissues were collected as soon as possible after death.
Results

Toxicology, Rats
The results of long-term feeding of the toxic peanut meal to rats is shown in Table 111 . There was no evidence of toxicity, as measured by body weight response, at any time during the course of the experiment. Animals on the peanut meal diets ate sufficiently to maintain relatively high body weights throughout the experimental period. Expeller type peanut meal was more toxic than solvent-extracted meal since a higher incidence of tumors was observed in groups fed the former. There appeared to be a direct relationship between tumor incidence and renal damage, as shown in Table 111 . Toxicology, Ducklings
The effects of feeding peanut meal to ducklings is shown in Table IV. Body weight was depressed at the end of two weeks in some groups. Except for two groups (ZZA and 47), however, there was no appreciable difference in average body weight at the end of four weeks on the experimental diet and no consistent direct relationship between average body weight and liver damage. Groups 20 and 35 had the highest average terminal body weight but also sustained moderate to severe liver cell damage and bile duct hyperplasia. Thus body weight and liver damage were not directly related in all cases. Group 46 died after two weeks on experiment with severe body weight depression and marked liver damage and bile duct hyperplasia.
As with rats, expeller meal was more toxic and renal injury paralleled liver damage in the ducklings.
An important observation, shown in Table IV , is that liver cell damage and bile duct hyperplasia in ducks paralleled to a remarkable degree the incidence of tumors induced in rats by the same lots of meal (N-16: zzA and B; N-17: 21; and N-18: 35).
The results of feeding extracts from cultures of A. j9avzt.r to ducklings are listed in Table V . Chloroform extracts of A. j9av.a.r (jD) were highly toxic and induced both liver damage and bile duct hyperplasia (Table V) . Ether extract of the same cultures induced hepatic cell damage but no bile duct hyperplasia. 
Pathology in Rats
The liver tumors observed in this study were multicentric hepatocellular carcinomas (Fig. I) with no evidence of cirrhosis, or a composite of this lesion intermixed with a fibrotic cholangioma (Fig. 2) . Direct extension to the mesentery and peritoneum was observed in many of the animals (Fig. 3) , and metastasis to the lungs in a few cases. Metastatic lesions were subsequently confirmed histologically. Tumor nodules were soft, friable and yellowish gray or hemorrhagic and necrotic. The fibrous component was minimal in some tumors but in others there were increased amounts associated withbileduct proliferation and cholangioma.
Microscopically, one of the first detectable pre-neoplastic changes seen in the livers of animals necropsied early in the experimental period was a combination of damaged parenchyma with fatty change, regenerative parenchyma and proliferation of bile ducts (Figs. 4 and j). The cytoplasm of damaged hepatic cells had a rarefied appearance and stained less deeply than normal. Oil red 0 stain for neutral lipids indicated that some of this was the result of fat accumulation. Nuclei were small and dark in some cells but enlarged with prominent chromatin clumps in others. There did not appear to be a zonal predilection for the early lesions.
Another hepatic lesion was observed early during the course of the experiment. It consisted of areas of moderately hypertrophic liver cells with increased cytoplasmic basophilia and nuclear enlargement. In such areas the cell cords were separated by moderate to severely dilated sinusoidal spaces ( Fig. 6 ).This may have been the initial stage in the genesis of the more marked vascular component observed later on during the experiment. These lesions were observed first at 1 2 weeks on the experimental diet. A few weeks later there was a significant amount of focal necrosis (Fig. 7) , a lesion observed in about 20% of the animals at necropsy. The necrosis was more often present in the centrolobular zone but sometimes extended into the mid-zonal area of the lobule. Following the initial changes described above hepatic cells began to proliferate into long cords of single cell thickness. These proliferating cords seemed at first to pile up into hyperplastic nodules. As the lesion progressed the cells became larger, more pleomorphic and formed broad bands which converged to become anastomotic or to run in parallel directions. A few areas with numerous cyst-like spaces were observed. These were interpreted as being derived from pre-existing lymphatics since erythrocytes were not observed in any of them. Areas of transitional cells were often seen situated between normal and tumorous tissue; they were usually intermixed with a prominent vascular component. The transitional cells observed between zones of normal and neoplastic tissue were hypertrophic with a granular, basophilic cytoplasm ( Fig. 8 ). Nuclear inclusions were common. They were similar to those described by HARDING et al. (12) in pigs fed toxic groundnut meal. Large vascular spaces were lined with endothelial cells; these were replaced by what appeared to be neoplastic hepatic cells ( Fig. 9 ) as transitional areas joined rapidly proliferating zones of anaplastic parenchyma.
In some areas of the hepatoma, cell cords with tubular patterns characteristic of embryonic liver were observed but these were not as frequent in this series of experiments as they had been in a previous study ( I 3). Proliferating solid tumor nodules with pleomorphic nuclei containing prominent nucleoli were seen compressing zones of fatty but otherwise normal-appearing parenchyma. In other areas the rapidly growing neoplasm contained poorly formed duct-like spaces lined by cuboidal or flattened epithelium. Solid areas of the welldeveloped tumor were composed of continuous sheets of anaplastic cells in some locations but in other areas the cells were arranged in trabecular fashion (Fig. 10) . Mitotic figures, some of them bizarre, were numerous in all areas of the neoplasm.
Another proliferative change observed in the tumor was the adenocarcinomatous type with numerous gland-like structures. Some of them exhibited a moderate degree of differentiation and nuclear polarity while other gland-like structures were poorly formed and lacked any degree of differentiation or cellular polarity (Fig. 11) . Numerous PAS-positive, hyaline structures could be seen in the cytoplasm of surrounding tumor cells and mitotic figures were abundant.
Bile duct proliferation and dilatation was present to some degree in the liver of all animals examined. The large, greyish-white cholangiomatous areas, observed grossly, were composed of cystic spaces lined by low cuboidal or flattened epithelium set in a mass of fibrous tissue, or the cystic spaces were lined by a more normal bile duct type epithelium and separated by parenchymal tissue.
Tumor emboli of characteristic hepatocellular type were observed in the vessels of the lung and in metastatic nodules in the lung parenchyma; the latter varied in size from a focus of a few cells ( Fig. I z ) to a large mass of actively growing neoplasm. x 100.
x 100. x 1000.
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Direct extension of the liver tumor to the mesentery and peritoneum was present in many of the animals. The typical cell type persisted and appeared to be proliferating at a more rapid rate in this location.
Renal damage was commonly observed in animals with liver tumors (Table HI) . Glomerulonephritis of varying degrees was present in the kidney but the characteristic alterations were proliferation of the tubule cells to form adenomas (Fig. I 3) , and proliferation of glomerular capsular epithelium (Fig. 14) . The change in some glomeruli approximated a metaplastic change to cuboidal or columnar type epithelium. This lesion was described in a previous communication (I 3) .
Kidney damage was accompanied by hyperplasia of the parathyroid glands, some of which were classified as adenomas ( Fig. I j) . The parathyroid adenomas were always bilateral and characteristically arranged in an alveolar pattern with a delicate stroma surrounding compact groups of cells.
The thyroid gland exhibited areas of involution as well as zones of follicular hyperplasia; the latter being most common. A yellowishbrown, finely granular pigment, negative for iron and for bilirubin stains, was often present in the follicular epithelium (Fig. 16 ). In other areas the epithelial proliferation was pronounced with nuclei packed closely along the epithelial folds. Mitotic figures were common in the latter areas (Fig. 17 ). This type cell contained little or no pigment, the nuclear-cytoplasmic ratio was large and colloid was scanty, thin and stained faintly with eosin. Additional lesions observed in many of the animals fed peanut meal diets, not seen in controls, included splenomegaly with myeloid metaplasia and degenerative and congestive alterations in the adrenal cortex (Fig. 18 ).
Pathology in Ducklings
The most significant pathologic changes in ducklings fed toxic peanut meal were in the liver. Grossly, the liver after 30 days on diet was usually smaller than normal, particularly the left lobe; the color was brown to tan with varying degrees of greenish discoloration, and the surface varied from a course, granular irregularity to well-defined elevated nodular areas.
Sections taken from different areas of the liver were affected in the same ma.nner but to a variable degree. After one week on the diet containing toxic peanut meal the parenchymal cells were swollen and the cytoplasm was granular and eosinophilic. Cells affected more severely were shrunken, deeply eosinophilic and the cytoplasm was homogeneous (Pig. 19). The nuclei were enlarged, the nucleolus was prominent and mitotic figures were not infrequent. Birds killed after I o and I I days on diet had marked cytoplasmic vacuolization of hepatic cells and early proliferation of bile duct epithelium in the periportal zone. A concomitant alteration, often seen in adjacent lobules, was the formation of hepatic cells into cylindrical, duct-like structures with a centrally placed lumen (Fig. 20) . The cytoplasm was usually abundant and billowy and stained somewhat paler than normal. Cylindrical forms may be observed in the normal duck liver when sectioned in a proper plane but this morphologic change was prominent and frequent in the experimental duck livers. Cytoplasmic vacuolation was pronounced at the 10th or I Ith day but not as severe as it had been at one
week on experiment. Duct-like structures were clearly formed in more advanced lesions (Fig. 21) . The appearance of some suggested that they had arisen by metaplasia from hepatic parenchyma. The majority of the bile duct hyperplasia however apparently originated from bile duct epithelium. Focal necrosis was observed in some of the duck livers with necrotic foci located in both the periportal and mid-zonal areas. After 17 days on experiment bile duct hyperplasia (Fig. 22) was more pronounced and widespread with the ductular epithelium Fig. 19 . Liver from duck after a few days on toxic peanut meal diet. Note swollen liver cells, cytoplasmic granularity, and a few cells slightly shrunken, with homogeneous, brightly eosinophilic cytoplasm. Nuclei are large and nucleoli prominent. radiating from the periportal zone toward the centrolobular area. Cytoplasmic vacuolation was less pronounced and small focal areas of nodular hyperplasia of the parenchyma was evident at 2 2 days. After four weeks on diet widespread nodular regeneration was present ( Fig.  23) and regenerative areas were separated by numerous bands of proliferating bile duct epithelium arranged in parallel rows, single cell groups or cylindrical ductules. Figure 24 illustrates the liver damage and bile duct hyperplasia observed in ducklings intubated with chloroform extracted material from A. flauws-infected wheat. The nature of the lesion is the same as that observed in ducklings fed peanut meal. Ducklings in this group were fed with zoo micrograms of the crude extract by stomach tube daily for five days, then killed on the seventh day.
Renal damage was present in birds with hepatic changes. Grossly the kidneys were pale and swollen and protruded from the bony fossa. Microscopically, urates and proteinaceous debris were present in abnormal amounts in dilated proximal tubules. Tubular epithelial degeneration was observed in many of these areas. The most striking observation, however, was the presence of large, bizarre nuclei in many epithelial cells of tubules exhibiting degenerative changes (Fig.  2 ) ) . Although the capsular epithelium of some glomeruli had undergone a change from flattened to cuboidal type this was not a prominent or consistent observation.
Discussion
A high incidence of hepatomas observed in some groups of rats of this series of experiments confirms the carcinogenicnature of a factor(s) associated with peanut meal made from peanuts grown and processed in the United States. The toxic principle not only induces malignant hepatomas in rats but inflicts considerable chronic damage on the renal glomeruli and tubules and on other tissues. The fact that expeller-type peanut meal induced a higher incidence of tumors and renal injury than solvent-extracted meal tends to exclude petroleum solvents used in processing as possible etiologic factors. The lower incidence of hepatomas in diet N -I~A , a solvent-extracted meal, suggests that a portion of the toxic material was removed by extraction with petroleum solvents at the processing plant. The incidence was higher when the peanuts were pressed only (N-16B, expeller). The low incidence of tumors in rats consuming diet N-zj suggests that further extraction with aqueous methanol in our laboratory, subsequent to the commercial process ofpetroleum solvent extraction, may have removed anaddition-a1 quantity of the toxic agent(s). Abb. 24 It was interesting that the toxicity of the peanut meals used in our investigation was sufficiently low to permit greater than average growth rates and maximum body weights. This is in contrast to the study reported by LANCASTER et al. (7) in which the growth rate of rats fed a diet containing 20% of Brazilian groundnut meal was reduced but a majority of them developed hepatomas. It should be pointed out, however, that in the latter experiments, rats developed tumors in a shorter time than was required for tumor induction in our laboratory. While there may be a dose-response relationship, its precise nature is not clear from our results. In the present work, renal injury paralleled closely the incidence of hepatomas in groups of rats fed toxic meals. Metaplasia of renal glomerular capsular epithelium is an unusual lesion and has been associated with a concurrent metastatic malignancy, usually in the liver (14, I 5 ) . In our ducks the lesion in the glomerulus did not appear to be an atypical form of glomerulonephritis.
The results of our experiments with ducks paralleled to a considerable degree those observed in rats, in that the peanut meal samples, carcinogenic for rats, caused severe liver damage and mild to moderate renal injury in ducks. The response of the bile duct epithelium was much greater in ducks than in rats while the renal alterations in ducks were less severe. The difference in duration of experiments between rats and ducks in this study precludes adequate comparison, as does lack of information on metabolic handling and excretion of the toxic chemicals in the two species. However, it is clear that the duckling is extremely sensitive to peanut meals which are carcinogenic for rats. The hepatic lesions induced by toxic peanut meal were of the same nature as those in ducklings intubated with extracts of A. j'avzls; variations were in degree and intensity only. Duck experiments of longer duration which we are now doing may elucidate the reaction of the ducklings in the above acute studies. It is important to learn whether the severe bile duct proliferation observed in ducklings is directly related to the carcinogenic factor(s) or is a concomitant phenomenon resulting from some noncarcinogenic factor in the meal.
The nature of the carcinogenic factor(s) in the peanut meals used in these studies remains to be determined. As we have noted in earlier work (I 3) and in the studies reported here, the potency of the meals can be substantially reduced by exhaustive methanolic extraction, suggesting that the active material is extractable by this procedure. This fact, together with the striking similarity in responses of ducklings to the carcinogenic meals and to aflatoxin" preparations lend support to the hypothesis that the active components of the meals may, in fact, be aflatoxins. However, the information currently available regarding the specificity of the duckling response to aflatoxins is insufficient to permit the exclusion of other possible contaminants.
Conclusive demonstration of the identity of the carcinogenic factors in these meals thus awaits extraction, purification, isolation and, ultimately, chemical characterization. Experimental procedures directed toward this objective are currently in progress in this laboratory.
Sztmmay
When rats were fed peanut meal (made from peanuts grown and processed in the United States) for 10-12 months, a high incidence of hepatomas and renal damage was observed. Direct extension of hepatomas to the mesentery and metastasis to the lungs occurred in several animals. Parathyroid adenomas were also seen.
Ducklings fed the toxic peanut meal for 4 weeks in short term experiments developed hepatic cell damage and bile duct hyperplasia. Lesions induced in ducklings by intubation with extracts of cultures of Aspwgilhflavus for J days were comparable to those induced with toxic peanut meal.
Ztlsammenfasstlng
Nachdem man Ratten 10-1 2 Monate lang amerikanisches Erdnussmehl gefuttert hatte, wurde in den Tieren ein hoher Prozentsatz Leberzellkarzinome und Nierenschiiden beobachtet. Direkte Ausdehnung der Geschwulste zum Gekrose und Metastasen in der Lunge wurden in einigen Tieren festgestellt. Adenome des Epithelkorperchens fanden sich ebenfalls vor.
Entenkucken, denen man das giftige Erdnussmehl4 Wochen lang futterte, entwickelten Leberzellschaden und Gallenganghyperplasie. Die Lasionen, die in den Entenkiicken durch Extrakte der AspergiZhflavw Kulturen nach j Tagen verursacht wurden, waren vergleichbar mit denen, die durch giftiges Erdnussmehl entstanden.
